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ALLEGHANIAN DEFORMATION AND METAMORPHISM
OF SOUTHERN NARRAGANSETT BASIN
1 1  2 R. Burks , S. Mosher , and D. Murray
^Dept. of Geological Sciences, The Univ. of Texas at Austin, Austin, TA 78712 
Dept, of Geology , Boston University, Boston, MA 02215
INTRODUCTION
The Narragansett Basin of southeastern Massachusetts and eastern Rhode Island is 
an arcuate structural basin, having a northeast-southwest trend in Massachusetts 
and north-south trend in Rhode Island (Fig. 1). It consists of up to 3700 meters 
of Pennsylvanian to Permian-aged nonmarine clastic sediments. The basin is 
structurally defined by the effects of the Alleghanian deformation, and its 
present shape may have an imprecise relationship to the Late Paleozoic 
sedimentary environment in which the rocks accumulated.
Several horsts of granitic basement occur within the basin, and recent 
offshore geophysical studies suggest that the Narragansett Basin plus several of 
these horst blocks extend at least 32 kilometers southward under Long Island 
Sound (McMaster and others, 1980). Gravity traverses across the Basin (Skehan 
and Murray, 1979) indicate an irregular basin/basement interface that in parts of 
the northern section of the Basin is at least 3300 meters deep. Upublished 
gravity traverses, field work, and drilling also show that the basin extends to 
the northeast at least to coast.
Permian-aged (Murray & Skehan, 1979, p.15) deformation and metamorphism 
increase to the south, culminating in multiple episodes of folding and upper 
amphibolite facies metamorphism (Fig. 2). The S-type Narragansett Pier granite 
intrudes the southwestern margin of the basin. More detailed discussions of the 
geology of the basin are given in Quinn (1971), Quinn and Moore (1968), Skehan 
and others (1976), articles in Cameron (ed. 1979), Murray and Skehan (1979), and 
Skehan and Murray (p. 1-14, in Skehan and others, 1979).
TECTONIC SETTING
The southwestern extensions of two distinct European foldbelts, the early 
Paleozoic Caledonian (Taconic + Acadian equivalent) and the late Paleozoic 
Hercynian or Variscan (Alleghanian), merge in New England to form the 
Applachians. The Pennsylvanian-age Narrgansett Basin has been affected only by 
the Alleghenian orogeny and is therefore the key to determining the nature and 
amount of late Paleozoic overprint on the older rocks. The formation of the 
basin itself is believed to be either the consequence of rather localized brittle 
tectonics (Webb, 1969, MacMaster and others, 1980), or the result of the closure
of a Hercynian ocean during the collision of eastern North America with either
northwestern South America or Africa (Rast and Grant, 1973; Murray and others, 
1978; Skehan and Murray, 1980a,b; Snoke and others, 1980; Pique, 1981; Rast, 
1981).
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Figure 1. Geologic map of the Narragansett Basin, southeastern 
New England. Compiled from Quinn & Moore (1968) and 
Murray & Skehan (1979)
AtkmtkNorfolk Basin
LEGEND
Narrogansett Pier Granite 
Dighton Conglomerate 
Purgatory Conglomerate 







Location of the Narragansett 



















iso g ra d , dashed 
w here  inferred
Na rra ga nsett Pier Granite -  Permian
Na rroga nsett Boy
Basement -  Cambrian or older
Figure 2. Southern Narragansett Basin, Rhode Island
Isograds compiled from Quinn (1971)* Grew & Day (1972), 
Murray & Skehan (1979)t Mosher (1980), and Thomas (1981)
268
STRATIGRAPHY
Five formations, now referred to collectively as the Narragansett Bay"GroupM 
(Skehan and others, 1979) are recognized, and their probable stratigraphic
i
relationships are shown in Figure 2 of Murray and others (this volume). The 
lowest formation, the Pondville, is a basal conglomerate at the northern and 
western basin margins and an arkose at the southern and eastern margins. In the 
north the Pondville is overlain be the Wamsutta Formation. The latter consists 
of reddish siltstones and fine grey sandstones, together with coarser channel 
deposits. Volcanic detritus is widespread and both silicic and mafic lava flows 
occur near Attleboro, Massachusetts (Mutch, 1968).
In the southern part of the basin the Pondville is overlain by the Rhode 
Island Formation which in the north interfingers with and overlies the Wamsutta 
Formation. The Rhode Island Formation is by far the thickest unit in the basin 
and has extensive and well documented megafora (Lyons 1979) that indicate 
sedimentation occurred from 310 to 290 m.y. The formation consists of sandstone,
A
siltstone, conglomerate, shale and coal. The lowest unit in contact with the 
Pondville is usually a black carbonaceous shale. The unit is cut by numerous 
lensoid channels composed of coarse sands, gravel and conglomerate, and typically 
is overlain by a micaceous siltstone. Massive boulder and cobble conglomerates, 
the Purgatory and Dighton, interfinger with the upper part of the Rhode Island 
Formation.
The stratigraphic and sedimentary relationships suggest that horst blocks 
were bounded by humid alluvial fans and that basinward from these fans, highly 
vegetated floodplains were traversed by meandering to anastomosing streams. 
Deposition was probably rapid and at least locally synorogenic (Skehan and 
others, 1979; Severson and Boothroyd, 1981).
STRUCTURE
The major structural trends within the basin follow that of the basin 
itself, trending ENE in the northern portion of the basin and nearly NS in the 
southern portion. In the north only one main deformation has affected the rocks 
whereas in the south evidence for multiple deformations is found.
In the south the most intensely and complexly deformed rocks form a 
north-east trending zone parallel to the Beaverhead Fault. (This zone contains 
Bonnet Shores, Beaverhead, Dutch Island, Gould Island, and the northwest shore of 
Portsmouth near Stop 3). The intensity, but not the complexity, of the 
deformation decreases outwards in both directions from this zone and is least 
evident in the massive Purgatory Conglomerate to the southeast. The entire basin 
is cut by numerous high angle faults which are both syn- and post-folding events; 
both normal and reverse movements are evident and large offsets are common.
Within the most intensely deformed zone at least three phases of Alleghanian 
deformation are preserved (Fig. 3). An early isoclinal folding (Fl) produces the 
dominant layer-parallel foliation (Si). Generally, Fl trends N10E with SI 
dipping SE. The second event to affect these rocks is a nearly coaxial folding 
(F2) with axial planes at a high angle to that of the earlier folds. Usually the 
F2 folds are relatively minor with low amplitudes, however, in places they become 
more pronounced, with amplitudes of several meters. A west dipping crenulation
cleavage (S2) is often associated with them. A third folding (F3) formed large
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amplitude folds (up to several meters) that trend approximately EW. In places an 
axial planar crenulation cleavage (S3) is observed. The rocks have also 
undergone a late stage NS extension which caused large scale boudinage and normal 
faulting. The boudinage caused broad EW trending warps of all S surfaces and 
earlier fold axes on both outcrop and regional scales. The high and low angle 
normal faults reorient preexisting fold axes as well as cause drag folding. (The 
NS extensional features are best exposed on Gould Island, a Navy base with 
limited access.) At some localities within the zone several generations of 
nearly coaxial but cross-cutting crenulations of SI are observed which formed 
prior to the EW trending, F3 folds.
Southeast (most of Aquidneck Island and the eastern basin margin; Mosher,
1978; Farrens, pers. comm., 1981) and northwest (Conanicut, Prudence, Hope, and 
Hog Islands (Thomas, 1981) and the western basin margin) of this zone the 
dominant structure is the first, N10E trending isoclinal folds (Fl) with a well 
developed axial planar schistosity (Si). The second deformation is commonly 
expressed as a crenulation cleavage (S2) and warping of SI. The third, EW 
trending folds (F3) and an associated schistosity (S3) are sporadically 
developed. Kink bands and boudinage (NS extension) are ubiquitous throughout the 
southern basin. The orientations and geometric relationships of the structures 
are similar to those seen in the more intense zone (Thomas, 1981; Farrens, pers. 
comm., 1981).
Further southeast where the massive Purgatory Conglomerate crops out 
(southern Aquidneck Island) the major structure is a series of tight upright to 
overturned folds (Fl) with variable vergence which again trend N10E (Mosher, 
1980a). Cleavage is everywhere axial planar. North-south striking thrust faults
cut the limbs of the oveturned folds and show the same direction of tectonic 
transport (Fig. 4). These faults cause extensive cobble deformation for a 
distance of 3m from the fault plane (Mosher, 1980b). Evidence for later 
deformations include a second sporadically developed cleavage, kinkbands, large 
scale boudinage indicating north-south extenstion and minor folding of eastward 
dipping thrust faults.
Much of the variation in deformation intensity in the southern portion of 
the basin can be attributed to competency differences. The massive Purgatory 
Conglomerate and all channel sands are the least affected by the deformations and 
the black carbonaceeous schists the most deformed. There is, however, a 
pronounced increase in intensity for all rock types near the Beaverhead fault.
METAMORPHISM
The dominant thermal event in southeastern New England is a Barrovian 
metamorphism that reached upper amphibolite facies conditions in the vicinity of 
Stop 6 (Stook Hill). The Beaverhead fault probably truncates the isograds, 
although the offset may not be large. Although the thermal maxima is very 
roughly centered about the contact of the metasediments with the Narragansett 
Pier granite, in detail the granite appears to truncate isograds, and at 
Cormorant Point (Stop 8) the regional metamorphism prior to granite emplacement 
attained only garnet grade. Thus, the "bullseye" pattern of the isograds shown 
centered about the southwestern margin of the basin on previous maps (Quinn,
1971) may be an artifact of the sample base. Peak metamorphic conditions, based 
upon mineral assemblages (Grew and Day, 1972) and chemistry (Murray, unpub.
data), suggest conditions of T=600°C and P=5 kbar at Stook Hill and vicinity.
Figure 3* Diagrammatic representation of three major episodes of folding
in southern Narragansett Basin. D1 is NNE trending and charact 
erized by east-dipping axial planes. D2 is roughly coaxial 
with Dl, has west-dipping axial planes, and occurs on a smaller 
scale. D3 is E-W trending and chevron in style.
P R O F I L E  B E T W E E N  A & B
Figure Structural profile across southeastern Narragansett Basin.
The black bands represent the Purgatory Conglomerate.
From Mosher, 1978. The location of the profile is given 
on Figure 2.
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Illite crystallinity (Hepburn and Rehmer, this volume) and coal petrology (Murray 
and Raben, 1980, and Murray and others, this volume) indicate that T<300 C for
the northwestern part of the basin.
Metamorphic and deformational intensity do not strictly correlate (Fig. 5), 
and detailed petrographic analysis has been done so as to determine the relation 
between these two parameters (Burks, Farrens, Mosher, Murray, Thomas, Wiechmann, 
Wintsch). The major metamorphic event was contemporaneous to slightly younger 
than the main period (Dl) of folding, and a widespread retrograde metamorphism
followed the third episode of folding (Murray & Skehan, 1979; Burks, 1981).
During the first phase of folding pressure solution was the primary deformation 
mechanism responsible for the Si cleavage, occurring at relatively low 
temperatures (Mosher, 1978, 1980a). The first metamorphism peaked slightly after 
the first deformation at Beaverhead, and progressively younger than it to the 
north and west (Fig. 5).
In the fine grained rocks the closely spaced primary layering was also 
crenulated. Initial deformation of coals caused degassing of methane and 
brecciation. Precipitation of graphite, because of increasing temperature and/or 
oxidation of the released gas by surrounding sediments, coated brecciated coal 
fragments and defined cleavages in surrounding sediments (Murray & Raben, 1980). 
Concurrently, fibrous quartz+mica veins developed in the brecciated coals (Stop 
3). Many of the structural and petrologic details of these rocks may be 
explained in terms of the interaction during progressive metamorphism of 
mechanically and chemically contrasting materials (e.g. coal and rock), and the 
topic is explored more fully in another field trip (Murray and others, this 
volume). The second, less intense deformation that produced a crenulation 
cleavage at a high angle to the pervasive SI schistosity, was not accompanied by 
metamorphism at Beaverhead or Southern Prudence Island.
co
^ 2 9 0 2 7 5  NARRAGANSETT  
a  PIER GRANITE
TIME M.Y. ^
250
Figure 5. Relationship between metamorphism and deformation for the 
southern Narragansett Basin. The arrow shows the relative 
change in the relationship going NE towards Prudence Island.
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However, the first metamorphism occurred synchronously with the F2 in the 
northern part of Prudence Island (Thomas and Mosher, in prep.). The third event 
was most intense in the Beaverhead area, and was not accompanied by growth of 
metamorphic minerals. Retrograde metamorphism occurred after the third 
deformational event, as chlorite replacing porphyroblasts near S3 crenulations is 
randomly oriented and undeformed. The distribution of this second metamorphism 
does not simply correlate with any of the major structural features (i.e. 
Beaverhead fault), and the significance of its ubiquitous presence throughout 
the southern Narragansett Bay area represents one of the major unanswered 
questions.
The Narragansett Pier granite is a typical peraluminous (S-type) granite 
that has superimposed essentially no contact metamorphic effect upon the 
sediments. At Stop 8, except for regularly spaced joints, mineralized fractures, 
and deformation directly related to intrusion, the granite is uneffected by the 
metamorphic or deformational events that are recorded in the adjacent 
metasediments. However, a variety of deformation features (i.e. density of 
fracture cleavage, preferred orientation of microtextures, etc.) become 
increasingly well developed to the north of Stop 8. Recent work (Hermes and 
others, this volume; Kocis and others, 1978; Murray and S. Schwartz, unpub. data) 
has pointed out the critical role of this granite in our understanding of the 
Alleghanian orogeny, and the reader is referred to Hermes and others (this 
volume) for further discussions of the topic.
Until recently it was generally assumed that the metamorphism recorded in 
the Narragansett Basin was a fairly localized, and hence unimportant phenomena.
A number of studies in the last few years, however, have shown that the 
Alleghanian thermal overprint upon southern New England is more pervasive and 
intense than previously realized (Day, and others, 1980; Dallraeyer, 1981; Skehan 
and Murray, 1980).
SUMMARY
Pennsylvanian rocks record three major episodes of folding accompanied by 
faulting, and locally additional phases (i.e. Stop 4 and Stop 7) may be 
recognized. One, and in many places two thermal events are seen. Studies of 
pressure solution phenomena and coal petrography imply that the first 
metamorphism began after the first (and most intense) episode of folding was 
underway. Moreover, the second, retrograde metamorphism occurred largely after 
the last period of folding. Incremental argon ages on metasediments and 
contiguous basement rocks (Dallmeyer, 1981) indcate that cooling and uplift took 
place by 235-250 m.y. These uplift ages, together with other radiometric and 
paleobotanical ages (see Murray and Skehan, 1979 for discussion) allow the 
Allgehanian orogeny to be unusually pecisely defined. Adjacent pre-Pennsylvanian 
rocks show many similar structures and geometric relationships between structural 
elements to those in the Pennsylvanian rocks. The possibility then arises that 
only one (or perhaps no) deformation present in the pre-Pennsylvanian rocks 
occurred prior to the Alleghanian event. Alternatively, the similarities may be 
fortuitous and the pre-Pennsylvanian rocks were uneffected by any Alleghanian 
deformation. There is clearly a metamorphic difference as the pre-Pennsylvanian 
rocks within the Basin are uniformly of low metamorphic grade as opposed to the 
higher grade of the Pennsylvanian rocks. The nature and complexity of the 
Alleghanian deformation must be considered in any explanations of the late
Paleozoic suturing of the Avalonian basement with southeastern New England.
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Leave Kingston on Rte. 138 East. Go 4 miles and turn north (left) 
onto Rte. 1. Go approximately 2.5 miles and take Exit for Rte. 138 
East to Jamestown and Newport. Stay on Rte. 138, following signs for 
the Newport Bridge. Cross the Jamestown Bridge and follow Rte. 138 
to the Newport Bridge (toll of $2). After crossing the bridge, take 
the Rte. 138 exit (the second one). The exit ramp ends at a stop 
sign across from Jai Lai (Hi Li). Turn right; log starts from this 
stop sign.
0.0 Hi Li parking lot.
0.1 On your left is Miantonomi Park; the road cuts are partially out of
place and cut by numerous high angle faults. In the park underneath 
the tower are excellent exposures of Purgatory conglomerate which 
contains relatively undeformed cobbles.
0.4 Stop light for Rte. 114; go straight.
0,9 Go down steep hill to stop sign; go straight; most oncoming traffic
will cut in front of you. The Easton's Pond is to the rightt The 
pond is presumeably parallel to a major NS-trending fault which 
brings up the Newport neck horst.
1.0 Stop light for Rte. 214; go straight.
1.3 Stop light for Rte. 138A; continue straight. You are driving across
a broad, eastward verging anticline which is exposed along the coast 
at Easton's point.
2.0 Turn right at base of hill onto Paradise Avenue. You are driving
along the limb of an upright (Fl) fold; Purgatory Conglomerate 
outcrops to your left.
2.5 Small road to your left goes to the Paradise Quarry, the best place
to find good samples of Purgatory Conglomerate. Permission can be
obtained at the office.
3.4 Bear to right at the Y intersection and park in the beach parking
lot to your left. (The parking lot is before the hill.)
STOP 1
Purgatory Chasm State Park. (No hammers) This is the classical 
outcrop of Purgatory Conglomerate used to demonstrate the nature of 
the 'stretched' cobble conglomerate. The cobbles, however, have been 
deformed only by pressure solution and intercobble rotation (Mosher, 
1978, 1980). The latter religned the already elliptical sedimentary 
cobbles so that long/intermediate axis plane is roughly parallel to 
the fold axial planes and the the long axes parallel the fold axes.
Axial ratios of these prolate cobbles are 1/0.57/0.38 (Mosher, 1978;
Mosher and Wood, in prep).
Large indentations and planar contacts are observed between quartzite 
cobbles, and long fibrous quartz pressure shadows are observed at the 
long axis terminations of the cobbles. The matrix between the 
cobbles is a mica- and heavy mineral-rich selvage left behind as a 
residuum after pressure solution. No evidence for internal 
penetrative cobble deformation has been found (Mosher, 1980).
This outcrop is located on the limb of an upright (Fl) fold (Fig. 4). 
Bedding strikes approximately N10E and dips 55SE. At the top of the
hill near the small parking lot for the Chasm, matrix beds grade into
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the Rhode Island Formation proper. These show cross-bedding and both 
a flat-lying and a steep cleavage. A high angle fault (N15E, 46NW) 
cuts across the chasm and can be traced for 1.2 k
Coming out of the parking lot turn to your right and drive along the 
road which follows the beach. Between here and the next turn, you 
cross the axial trace of two synclines and an anticline.
3.7 Small hill on your left is a diabase dike.
Turn left onto Hanging Rock Road (first road). The ridge to the left 
is the southern end of one of the longest continuous exposures of 
Purgatory Conglomerate. This area is part of the Norman Bird 
Sanctuary and permission must by obtained at the main entrance on 
Third beach road.
3.9 Stop sign at intersection with Third Beach road. Go straight (road
becames Indian Ave.). To the right of this road is an overturned 
limb of a syncline which is exposed along the coast.
5.5 Stop sign at intersection of Green End Ave. Go straight.
6.0 Stop sign at intersection of Peckham Lane. Go straight past Old Mill
Lane.
6.6 Park along side of the road.
STOP 2
(Private property; not normally accessible, and in any case, must 
have permission). Purgatory Conglomerate on overturned limb of a 
westward verging anticline (Fl). A NS trending, east dipping thrust 
fault cuts the conglomerate causing intense deformation for a zone 
approximately 6 meters wide. The center of this zone is filled with 
a i m  wide quartz vein, and the sheared conglomerate has been 
mineralized (possibly with elemental sulphur), presumably from the 
degasification of the coals. The quartz vein and fault plane are 
curved suggesting latter backfolding of the thrust. This curved 
effect is better exposed along the same fault further to the north.
Cobbles within the intensely deformed zone are oblate (axial ratios 
1/0.5/0.2) and the plane containing the long and intermediate axes 
parallel the fault plane. Cobbles away from zones are prolate (axial 
ratios 1/0.48/0.3). All cobbles were deformed by pressure solution, 
however, within the zone some penetrative intragranular flow and 
fracturing has accompanied the pressure solution (Mosher, 1980,
1981).
Turn around and retrace route to Green End Ave.
7.7 Turn right on Green End Avenue. You will again cross most of the
cross section in Figure 4. Exposures are in fields and the basements 
of many house Continue straight through two stop lights.
10.3 Bear to right and go up the hill.
10.8 Stop light for Rte. 138 and 114; turn right and follow R t e . 114
through 3 stop lights.
17.3 Turn left onto Cory Lane (first left after flashing yellow light),
following signs for Portsmouth Abbey School.
17.9 Bear right after the Portsmouth Abbey Hockey Rink, and continue into
the school's parking lot. Path leads down to boathouse on shore.
STOP 3
Shoreline exposures of Rhode Island Formation, northwest AquidneckI
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Island. Nearly continuous outcrops of fossilerous slate, siltstone, 
sandstone, and coal occur both north and south of the Abbey 
boathouse. Approximately a kilometer to the north can be seen the 
rectangular tower of the Kaiser Aluminum plant, which was built over 
the northern (of two) shafts of the Portsmouth coal mines. The 
historical and geological relationships of the coal seams are covered 
elswehere in this volume (Murray and others).
Sedimentologically, the rocks are finer grained than most of of the 
Rhode Island Formation seen elsewhere, and they may represent either 
lacrustrine or floodplain deposits. A well-developed floral 
assemblage from the middle of the strip of outcrop north of the 
boathouse indicates that the sediments are Westphalian D or 
Stephanian A in age (Fig. 2 in Murray and others, this volume). Coal 
petrography (Murray and others, this volume) and illite crystallinity 
studies (Rehmer and Hepburn, this volume) coupled with routine 
petrography suggests temperatures T=400 C were attained during 
metamorphism.
Both strips of outcrops are characterized by N20E 30SE subparallel 
bedding and cleavage, with the cleavage being axial planar to tight 
FI folds. These folds are best displayed at the northern end of the 
northern outcrop. Two crenulation cleavages are sporadically 
developed; an earlier NE trending one, cut by a NNE trending 
crenulation. Open, E-W trending folds are cut by NE striking, NW 
directed thrusts at the southern outcrop. Pressure solution 
phenomena are well developed, and of particular interest are fibrous 
quartz-mica veins that formed in coal and carbonaceous slates.
Turn to left when leaving the parking lot and retrace route to Rte.
114.
18.5 Turn left and follow Rte. 114 through three lights.
25.0 Turn right onto Rte. 138 following Newport Bridge and U.S. Naval
Hospital signs.
25.7 Pass Hi Li and turn left at sign for Rte. 138, Jamestown, New York,
and the Newport Bridge.
25.9 Bear to the right following Rte. 138. When crossing the bridge, the
coast to your right is Coaster's Harbor Island, a Navy base, where 
the Purgatory Conglomerate is exposed and cobbles show little to no 
deformation. The coast to your left is pre-Pennsylvanian as are the 
first two islands. As you approach the top of the bridge, the island 
to your right is Gould.
29.7 Pay toll and take exit to your right, in order to take the bridge
west to Jamestown. Bypass the center of Jamestown, by continueing 
west on Rte. 138 to intersection with Main Road at stop light.
31.2 Go south (left) on North Main Road crossing Narragansett Avenue in
Jamestown. Continue south to beach at Mackeral Cove (place where 
road passes over narrow sand spit. Immediately southwest of the 
beach the road becomes Beavertail Road; take the first right (west) 
onto Fort Getty Road. Proceed past the Fort Getty campground to the 
docking area, keeping always to the right on the unpaved roads. In 
summer there is a fee for entrance into this picnic and camping area.
The stop consists of shoreline outcrops that begin about a thirty
meters west of the dock.
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STOP 4
32.2 Beaverhead (Burks, 1981). The earliest episode of deformation
observable in these rocks is isoclinal folding about NNE axes which 
produces the dominant SE dipping schistosity (SI) seen throughout 
this area. This axial planar schistosity is multiply folded. Second 
generation small amplitude folds and crenulations have NW axes, and 
large EW trending chevrons and box folds represent the third phase of 
folding. Kink bands are nearly parallel to F3 folds and are 
presumeably late structures.
From parking lot, go up road toward pier, then about 60 meters west 
along beach. The pervasive schistosity (SI) strikes NNE and dips 
moderately to the SE. Lineations on the SI are due to a 
well-developed crenulation cleavage (S2) that strikes NNW and dips 
moderately to the SW. A few meters down the coast, FI folds are 
visible around sandy layers which show transposed bedding. Tight F2 
folds trending WNW bend SI; open F3 folds trending ENE also fold SI 
and S2. At the next rock protrusion SI surfaces are warped by 
roughly EW F3 folds. The S2 crenulation cleavage is wel l -developed 
in the more schistose layers and can be seen in places folded by
small F3 folds.
Return to the top of the seacliffs, either by retracing your steps or 
going up the broad rock face. Go down a few meters and take either 
the first or second steep path. At the base of the first path, large 
(EW trending, SE plunging) F3 chevron folds and numerous faults 
complicate the structural pattern of these carbonaceous schists.
This outcrop is separated from the rocks of the previous stop by a 
NE-striking low angle fault. Conjugate kinks, or box folds, are 
prevalent folding a rarely visible S2. Several thin 
isoclinally-folded pyrite-replaced layers are visible. At the base 
of the second path are similar structures. In addition, highly 
foliated Pondville arkose is exposed indicating that this outcrop is 
near the base of the section. Beyond this outcrop chloritic 
sandstones and conglomerates begin to dominate the lithology showing 
a repeated stratigraphy, broad EW warping of SI, and minor kinking. 
Locally small rectangular pods, generally 2-3 mm long contain garnet 
replaced by chlorite.
Back up and continue down about 275 meters to path just before first 
fork in dirt road. Continue down beach a few meters.
A major NE-striking fault juxtaposes very deformed sandstone and 
conglomerate next to the schists. About 10 meters south an 
east-dipping scoop-shaped fault cuts into the outcrop. From here to 
the end of Beaverhead outcrop the structural style is basically the 
same with large ENE-trending presumably F2 folds clearly folding an 
intermediate, NW trending crenulation as well as SI. Faults separate 
similar fold interference patterns changing their orientations; 
however, the internal geometries of these fault blocks is consistant.
Return to top and continue down 100 meters to small cut-out off dirt 










Gray phyllite; minor psammite and 
metaconglomerate
Black pelite; minor psammite
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minor phyllite
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Geology of Beaverhead, Conanicut Island
R. Burks, 1981
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The rocks visable on the coast to the southeast are pre-Pennsylvanian 
and are separated from these by the fault. Here the ENE trending F2 





Return to Beavertail Road (1 mile) and retrace route north to Rte.
138.
Trace of the Beaverhead fault; Jamestown Historical Society Windmill 
(1787) on east side of North Main Road at. At the junction of Route 
138 and North Main Road turn west (left) on Rte. 138 and approach
east end of the Jamestown Bridge.
Park at the east end of the Jamestown Bridge, (near Jamestown Shores 
Motel), which connects Conanicut Island with the western shore of
Narragansett Bay, and take the 
bridge.
path down to the shore beneath the
38.2
STOP 5
Rhode Island Formation, Jamestown. Lithologies present include 
carbonaceous schist, conglomerate, and sandstone. The schist 
contains staurolite, garnet and biotite porphyroblasts in a matrix of 
biotite, muscovite, quartz, ilmenite, and dispersed organic matter. 
The porphyroblasts are post SI, but older than a well developed 
crenulation cleavage and associated retrograde metamorphism. The 
petrography is discussed in more detail in Grew and Day (1972) and 
Murray and others (this volume, Stop 6). SI is approximately 
parallel to the bedding, at N20E; 30SE. Rare FI isoclinal fold hinges 
are present. Younging based on cleavage/bedding relations indicate 
that the rocks are generally overturned. A NNE-striking crenulation 
cleavage (S2) and small amplitude F2 folds are sporatically 
developed. Pebbles are oblate in the plane of SI, and the long 
directions trend and Plunge to the NE. At the northern end of the 
outcrop, large amplitude (1 meter), recumbant folds trend N40E and 
are overturned to the north, deforming SI and later quartz veins. 
Megafora of probable Westphalian D or younger age have been obtained
carbonaceous schist along the shore, 500m to the south (Quinn,fro
1963; Lyons in Skehan and Murray, 1980, p 2 2 ) .
Proceed west over the Jamestown Bridge, to the intersection of Routes





Rhode Island Formation, Stook Hill, Saunderstown. These outcrops 
represent an outstanding example of upper amphibolite facies rocks 
with well preserved primary structures. In order of decreasing 
abundance, the lithologies present are conglomerate, psammitic 
gneiss, carbonaceous schist, garnet amphibolite, and beryl-garnet 
pegmatite. The first four are considered to be metamorphosed Rhode 
Island Formation, while the pegmatite may be genetically related to 
the Narragansett Pier Granite. The predominantly overturned 
metasedimentary rocks contain a variety of relict textures (graded 
bedding, cross bedding, erosional contacts) indicative of a 
fluviatile origin.
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The northern side of the roadcut consists is relatively coarse 
grained, and best displays primary structures, while the finer more 
abundant schists on the other sides contain the assemblage 
kyanite-staurolite-garnet-biotite-muscovite-quartz-ilmenite-graphite.
Fine sillimanite needles along garnet/biotite contacts have also 
been reported (Grew and Day, 1972).
Along the northern side of the road, both bedding and cleavage (SI) 
strike E-W and dips gently to the north; NE-trending pebble 
elongation directions plunge 30NE. Tight minor folds are NE 
trending and have axial planes parallel to SI. Pebbles are oblate, 
and lie in the plane of SI. Both bedding and cleavage are more 
steeply dipping on the southern side of the road, and axes of 
boudins in the pegmatite trend E-W.
40.8 Return to the intersection of Routes 138 and 1A, and turn right
(south) on 1A. Proceed south on Rte. 1A (Boston Neck Road) for 3.5
miles to turnoff (to the right) for Bonnet Shores. Bear right at the 
fork in the road, that comes very shortly, and proceed 0.9 mile.
Turn right (as required) at one-way sign, and 0.2 miles later turn 
right at T-intersection. Three tenths of a mile later, park in small 
grassy field. The parking area as well as the shoreline exposures 
are on private property, and permission should be obtained.
45.7 Stop 7
Rhode Island Formation, Bonnet Shores. The shoreline exposures north
of the beach consist of garnet zone metasediments cut by pegmatites
presumed to be related to the Narragansett Pier Granite. The 
structure at this locality is more complex than that of the previous
stops. More than three generations of folding and cleavage
developement are easily observable, and multiple boudinage and 
faulting events have further complicated the structural geometry. The 
dominant fabric is a N15E 80SE SI schistosity that is axial planar to 
tight NE trending folds which plunge shallowly to the N E . These 
early folds are well exposed in the sandy units on the west side of 
the point. The SI surfaces are folded and cut by several later 
nearly coaxial structures, as well as EW crenulations (Fig. 7). On
the eastern side of the point, the structure is dominated by NE and
NW trending faults which usually show normal movement. In addition, 
both NS and EW extension has produced boudins, some of which may be 
pre- and syn- folding and/or faulting.
Retrace the route until back to Rte. 1A, and proceed south 2.3 miles. 
At a sign stating "Rhode Island National Guard, Camp Varnum Officer 
Candidate School", turn southeast on Old Boston Neck Road. If you 
have crossed the bridge over the Pettaquamscutt River, you have gone 
one bridge too far.
52.9 Take the secondary road 0.8 miles (or seven "roadhumps"), and park
along road. The shoreline outcrops may be reached by walking 
approximately a quarter mile further along a private road. These 
outcrops are on private land and are not normally accessible and 












Fig. 7» Sketches of observable field relationships at Bonnet Shores. Four
generations of cleavage formation and folding are shown.
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53.7 Stop 8
Narragansett Pier Granite, Cormorant Point. The shoreline exposures 
consist of massive to gneissic garnetiferous granite and pegmatite, 
with roof pendants of Rhode Island Formation. A detailed map of this 
stop, as well as discussion of the granite's petrology, are given 
elsewhere in this volume (Hermes and others). The metasedimentary 
rocks consist of carbonaceous garnet-biotite schist, psammitic 
gneiss, and stretched pebble conglomerate. Although there are no 
chill zones, the granite clearly truncates the fabric of the schists.
The well developed pebble elongation is NE plunging, while in most 
of the layers the schistosity is NE trending and SE dipping. The 
general consistancy of the orientation of individual layers with each 
other, as well as their concordance with the regional tectonic fabric 
of the southern part of the Narragansett Basin suggests that they 
are roof pendants. The dominant schistosity is considered SI, while 
a crenulation cleavage is interepreted as S2. Here, most (all?) of 
the deformation in the granite may be explained in terms of 
emplacement tectonics. However, to the north along the coast, the 
granite appears to have a more pervasive (regional?) fabric.
A
Granite petrology (see Hermes and others, this volume) and 
garnet/biotite equilibria in the roof pendants (Murray and Schwartz, 
unpub. data) suggests conditions of emplacement of T=600+ C and P=5 
kbar. The change in granite color near the contact with the 
metasediments has been interpreted as the consequence of the 
interaction of contrasting fluid phases (from the granite and 
metasediments) along the contact (Murray and Skehan, 1979). An age 
of emplacement of 276 m.y. obtained from radiometric dates on 
monazites (Kocis and others, 1978), is consistant with the 
observation that the roof pendants contains Latest Pennsylvanian 
plant fossils (Brown and others, 1978). Incremental argon dates from 
biotites in the granite indicate closure temperatures were attained
235-250 m.y. (Dallmeyer, 1981).
Return to Rte. 1A, and proceed south or north, as you wish.
  END OF TRIP ---
